The T2 form of Salmonella was found to resemble mucoid mutants to some extent by growing as rather slimy colonies, especially at low temperatures. Its sensitivity to rough-specific phages was greatly reduced at low temperature. However, the T2 form did not produce colanic acid. The mucoid mutants of Salmonella studied corresponded to previously described mucoid mutants of Escherichia coli culturally, chemically, and genetically. Transient (T) forms ofSalmonella have been described by Kauffmann (5) as kinds of intermediates between smooth (S) and rough (R) forms. It is now clear that both T and S forms have distinct oligo-or polysaccharide chains attached to the lipopolysaccharide (LPS) core, which remains unsubstituted in the R forms (11). Both individual T and 0 antigenic specificities are based on the structure of the respective side chains. Both S and T forms grow as smooth colonies and are stable in suspension, in broth as well as in 4% NaCl. In contrast, R forms grow as rough colonies and agglutinate spontaneously in salt solutions.
Transient (T) forms ofSalmonella have been described by Kauffmann (5) as kinds of intermediates between smooth (S) and rough (R) forms. It is now clear that both T and S forms have distinct oligo-or polysaccharide chains attached to the lipopolysaccharide (LPS) core, which remains unsubstituted in the R forms (11) . Both individual T and 0 antigenic specificities are based on the structure of the respective side chains. Both S and T forms grow as smooth colonies and are stable in suspension, in broth as well as in 4% NaCl. In contrast, R forms grow as rough colonies and agglutinate spontaneously in salt solutions.
Contrary to our experience with S or Ti forms, the cultural properties of the T2 form appeared to be dependent on culture conditions, e.g., the colonies became slimy at lower temperature (17) . This resembles the behavior of mucoid (M) mutants (13) , which synthesize a separate slime or exopolysaccharide (colanic acid; 16) whose expression is dependent on cultural conditions (1) . It seemed therefore necessary to compare the T2 strains with mucoid mutants. As mucoid mutants of Salmonella have not been previously analyzed, we isolated a number ofthem and report here their comparison with the T2 strains.
The only T2 form found from natural sources is a strain of Salmonella bareilly (6) . An overnight broth culture of it contains approximately 5% T2-negative, R mutants. We treated such an R mutant (SH 3568) with the mutagen diethylsulfate (12) and looked for slimy colonies after several days of growth at 20°C on Davies minimal agar (7) . The M mutants thus isolated produced a large amount of slime when grown at 20°C (or transferred from higher temperature to 20°C) but not at 32°C or above; both minimal and nutrient agar gave similar slime production. The M mutant SH 4537 was chosen for further studies.
An isogenic set of T2, R, and M strains were compared for colony morphology, agglutinability, and sensitivity to R-specific phages. The growth medium (Davies minimal agar [7] with glucose or nutrient agar with or without added glucose) did not appreciably affect the results, whereas temperature had a large effect. The colonies of the R forms were rough at all temperatures (42, 37, 32, and 20°C) tested. The colonies of the mucoid mutant were large and very slimy when grown at 20°C but not at higher temperatures. When colonies grown at 37°C were transferred to 20°C they produced a slime wall, leaving the center of the original colony compact and depressed. The colonies of the T2 form grown at 20°C resembled this colony form in having a compact center surrounded by a slime wall.
The agglutinability of the T2 strains by anti-T2 serum decreased with decreasing temperature of growth and disappeared at 20°C ( Table  1 ). The R form SH 3568 and its M mutant SH 4537 agglutinated in 4% NaCl after growth at any temperature (Table 1) .
A number of phages are known that attack R but not S forms; many of these use the LPS core as their receptor (9, 18) . The Ti form is nearly as sensitive to these R-specific phages as is the R form (10), whereas the T2 form was found to be more resistant (17) . Table 1 shows that the phage sensitivity of the T2 strain decreased substantially with decreasing temperature. The phage sensitivity of its R and M mutants was unaffected by temperatures between 42 and 32°C; at 20°C their sensitivity decreased slightly.
The basis of the resistance to the R-specific phages of the S form seems to be the polysac- ++ + a Phages were applied as drops of 108 phages on nutrient agar plates spread with 0.1 ml of an overnight broth culture of the bacteria; both this growth and the incubation of the plates took place at the temperatures indicated. A confluent lysis was given 3 points, separate numerous phage plaques were given 2 points, and few plaques were given 1 point. The scores of three separate experiments were added up to give the final scores. Agglutination was performed on glass slides as previously described (17) and graded from negative (-) to weakly (+) or strongly (+ +) positive.
b The reaction of R forms with anti-T2 sera is commonly observed; its significance has been discussed (17 The cultural behavior of the T2 form resembled that of the M form so much that the possibility was considered that it might synthesize colanic acid in addition to the T2-specific LPS substitution, both possibly due to some kind of regulatory mutation. To test this possibility we grew the isogenic T2, R, and M strains SH 1974, 3568 and 4537 at 20°C (for the best expression of slime production) and tried to isolate the colanic acid. The bacteria were grown on the surface of nutrient agar plates (2 days at 20°C), harvested by scraping into a small volume of 0.9% NaCl, heated at 100°C for 1 h, and centrifuged for 30 min at 20,400 x g. From the R and M strains a clear supematant and a small pellet of bacteria were obtained, whereas the suspension of the T2 strain produced, in addition, an opalescent middle layer occupying nearly half of the supernatant.
To the clear supernatant of each strain we gave the results shown in Table 2 . The precipitate from the M form contained large amounts of uronic acid and fucose and also galactose, glucose, and some heptose. It was concluded to be mainly colanic acid, which consists of glucose, glucuronic acid, galactose, and L-fucose in a molar ratio of 1:1:2:2 (16) . The precipitate of the T2 form was very different (no fucose, little uronic acid, and a large amount of glucose) and thus contained little if any colanic acid. The opaque middle layer that was found only in the T2 strain contained no colanic acid (no fucose or glucuronic acid) and apparently consisted of LPS and a large amount of protein.
To further confirm the identity of the M mutants we would have liked to identify genetically the underlying mutations. However, genetic methods applicable to Salmonella bareilly have not been developed. We therefore isolated in exactly the same way culturally similar mutants of S. typhimurium to obtain a preliminary comparison of M mutants of Salmonella with those ofE. coli. In E. coli most M mutants have mutations at either one of two sites: lon (previously capR) or capS at 11.5 or 22 min, respectively, ofthe standard map (8, 13) . The M mutants ofS. typhimurium were used as recipients in conjugational crosses with donors, which inject this area with high efficiency. The mutations designated cap-1 and cap-3 are closely linked to purE and are therefore probably mutants of a locus allelic to lon of E. coli (Table 3) . We propose to call this locus capR in Salmonella, at least until it has been demonstrated that mutations at it lead to a lon phenotype. The mutation cap-2 mapped between gal and trp and is probably analogous to capS ofE. coli. The lon (capR) mutants ofE. coli are very sensitive to ultraviolet irradiation (14) . Therefore we compared our cap-1, cap-2, and cap-3 mutants with their parent SH 2191 for ultraviolet sensitivity. No differences were found, however. There may thus be a difference between cap mutants ofE. coli and Salmonella in this respect.
In conclusion, we have shown that mucoid mutants of Salmonella (S. bareilly or S. typhimurium) resemble M mutants ofE. coli culturally, chemically, and genetically. Two separate cap loci were demonstrated by the analysis of a small number of mutant strains.
The T2 form resembles M mutants to some extent: its colonies are rather slimy and its behavior is influenced by growth temperature. It differs from the M mutants, however, both phenotypically (sensitivity to R-specific phages is reduced much more than in M mutants and is heavily affected by growth temperature) and chemically (absence of colanic acid). The finding that the T2 phenotype is much better expressed at low temperature suggests that the T2-specific substitution of its LPS may be more complete at 20°C than at 37°C.
